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SILICOSIS AMONG ROCK DRILLERS, BLASTERS, AND EXCAVATORS 
IN NEW YORK CITY, BASED ON A STUDY OF 208 
EXAMINATIONS* 


I. INTRODUCTION 


CCUPATIONAL disease has 


been defined as ‘‘morbid 


results of occupational ac- 
tivity traceable to specific causes or 
labor conditions, and followed by more 
or less extended incapacity for work.” 
It was the realization of the prob- 
ability that workers in New York City, 
engaged in drilling and excavating 
rock, might be exposing themselves to 


Tr 


ihe development of an occupational 


i1¢ Nces 
(List ase 


namely, silicosis, that led to 
the organization of the Silicosis Com- 


mittee’ to undertake a carefully 
* Received for publication Nov. 16, 1928. 

' ‘This Committee is composed as follows: 
Dr. Haven Emerson, College of Physicians 
| Surgeons; Dr. A. Ross Smith, College of 
Physicians and Surgeons; Dr. A. J. Lanza, 
M politan Life Insurance Company; 
Robert S. MeBirney, Bureau of Indus- 

ial Hygiene, New York State Department 
Labor; Mr. Harry L. Hopkins, New York 
reulosis and Health Association; Dr. 
Ip S. Platt, New York Tuberculosis and 
ith Association: Dr. Leonard Green- 
Yale University School of Medicine; 
John J. Collins, Tunnel and Subway 


planned and _= scientifically accurate 
study of the subject. It was realized 
in the first stages of the study that an 
inquiry such as was planned could 
be undertaken only with the co- 
operation as well as the guidance of all 
Aside from the 

pursuing the 


interests concerned. 

organizations directly 
study, it was necessary to obtain the 
co-operation of the officers and mem- 
bers of the labor unions whose workers 
were involved, as well as of individual 
employers in whose employ many of 
the men were to be found. This 
co-operation was readily forthcoming, 
and especially commendable has been 
the help rendered by individual em- 
ployers and also by the seeretary and 
officers of the General Contractors 
Association. Among other things, full 


co-operation was given in the taking 


Construction and International Union; 
Dr. Jacob A. Goldberg, Secretary, New 


York ‘Tuberculosis and Health Association. 








of dust samples, in sending workers 
for examination, and in publishing a 
statement regarding the purposes of 
the study in the Bulletin of the General 
This 


operation may perhaps be taken as an 


Contractors Association. co- 
index of the interest of the larger em- 
ployers in the industry in the occupa- 
tional hazards to which their workers 
are exposed. 

It may be interesting to note that 
the the 
drillers generally 


workers, particularly rock 


and blasters, are 
the 


which they are exposed. 


hazard to 
If there be 
any unanimity of opinion among them, 


aware of industrial 


it might be expressed by the statement 
that they feel that if they remain 
in the occupation long enough they 
will end by dying of tuberculosis. 
They are not aware that an exposure 
have 


of even ae few 


deleterious effects, though they fully 


years may 
realize that measures for their protec- 
tion have not been taken. 

New York City, particularly Man- 
hattan and the Bronx, because of the 
considerable amount of rock excava- 
tion being carried on, and the ever- 
increasing work on new subways and 
tunnels, is faced with the certainty of 
a growing number of men incapaci- 
tated as a result of their exposure to 
The 


pages that follow throw some light on 


high concentrations of silica dust. 


the physical condition of the workers 


as well as on the conditions under 


which they are compelled to work. It 


is hoped that out of this study, and 


other subsidiary studies and 


such 


analyses as may be found necessary, 


measures may be speedily taken to 


reduce the  oecupational disease 


hazard, and to insure to the rock 
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drillers, blasters, and excavators, not 
only better working conditions, but 
adequate compensation when 
they become ill because of their ocey- 
pations. 


also 


This study may also serve as an 
example of the excellent results tha} 
may follow an investigation planned 
and carried out co-operatively by a 
number of organizations and persons. 
The study was instigated and the 
physical examination of the workers 
carried out by the Industrial Depart- 
ment of the Institute of Public 
Health of Columbia University. The 
medical report was prepared by Dr. 
Adelaide Ross Smith of this depart- 
ment. The New York Tuberculosis 
and Health Association, in its rdle 
of promoter, co-ordinator, and finan- 
brought 
qualified persons who constitute the 


cial agent, together those 
Silicosis Committee, secured from the 
Altman the 


funds to conduct the study, carried 


l’oundation necessary 
out the arduous administrative details 
the workers for 
examination, submitted reports of the 


necessary to secure 
physical findings to the examinees, 
the of tl 


report, and plans to exert its influence 


assisted in preparation 1e 
to ameliorate the situation which the 


report reveals. Study of the dust to 


which the men were exposed at their 
places of work was coincidently made 
by the Laboratory of Industrial Hy- 
giene of the Industrial Health Servic 

Metropolitan Life 
pany, and the report prepared by Mr 
J. William Fehnel of this laborators 


Insuranee Com- 


The general introduction, the eeneral 
conclusions, and the reeommendation 
were prepared by the Silicosis Com- 


mittee. 











10t 
ut 
len 
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[I. SILICOSIS AMONG ROCK DRILLERS, BLASTERS, AND EX- 
CAVATORS IN NEW YORK CITY 


ADELAIDE Ross Situ, M.D. 


From the Department of Medicine and the Department of Industrial Hygiene, DeLamar 
Institute of Public Health, of the Columbia University College of 
Physicians and Surgeons, and the Presbyterian Hospital 


INTRODUCTION 


San occupational disease, silico- 
sis has a long history, but it is 
only comparatively recently, 

that is to say, within the past twenty- 
five years, that it has received inten- 
sive study. Much of the most impor- 
tant work with regard to it has been 
done in the mining regions of the 
British Empire, in Australia, New 
Zealand, New South Wales, and es- 
pecially in South Africa where W. 
Watkins-Pitchford (1) (2) and A. Mav- 
rogordato (3) of the Miners’ Phthisis 
\ledical Bureau have made very valu- 
able contributions to the knowledge of 
its pathology and course. 

In the United States the first studies 
of silicosis were made among the zine 
miners of Missouri by Lanza and 
Childs, of the United States Public 
Health Service, whose report was pub- 
ished in 1917 (4). The United States 
bureau of Mines, also in 1917, and 
again in 1921, published studies on 
silicosis, “miners’ consumption,” by 
Lanza and his associates, among the 
miners of Joplin, Mo., (5) and _ of 
Butte, Mont. (6). In 1921 and 1922 
attention was called to silicosis among 

granite cutters of Vermont by 

trederick L. Hoffman (7) and D. C. 

'vis (7, Appendix G). More recent 

ules of industrial groups exposed to 
tiddell 
ad Rothwell (8) in Ontario and by 
\indel and Hayhurst (9) among the 


cosis have been made by 


quarrymen of Ohio. The United 
States Bureau of Mines and the Metro- 
politan Life Insurance Company in 
1927 established a permanent clinic 
for the study of the disease at Picher, 
Okla. 


General Description of Silicosis 


For a complete account of silicosis, 
reference must be made to the authori- 
tative articles on the subject listed in 
the bibliography. It is essentially a 
fibrosis of the lungs induced by the 
inhalation of dust containing free 
silica. It therefore may occur in many 
industries, but is especially prevalent 
in hard rock metal mining, granite 
cutting, metal grinding, and sand 
blasting. 

The pathologic changes in the lung 
in silicosis are believed to result from 
two causes: a blocking of the lung 
lymphaties by dust laden mononuclear 
cells plus the action of colloidal silica 
itself, the exact nature of which is in 
doubt. Gye and Purdy (10) believe 
that colloidal silica acts as a proto- 
plasmic poison and Heffernan and 
Green (11) believe that its harmful 
effects are due rather to its powerful 
properties as a colloid. The small 
particles, those under 10 microns in 
size, are the only ones capable of pene- 
trating the lung tissue. The disease 
is one of slow development, with few 
if any symptoms in the early stages. 
Later there is increasing dyspnea, 


leading to eventual disability. Cough 





40 THE JOURNAL OF INDUSTRIAL HYGIENE 


and pain in the chest may also be 
present. Silicosis is known to promote 
activity of the tubercle bacillus. Hoff- 
man (7), in a survey made in the state 
of Vermont, found that the death rate 
from pulmonary tuberculosis among 
granite cutters was more than ten times 
as great as that among the total adult 
population. Kober (12) shows that 
the proportional death rate from tuber- 
culosis ranges from 5.6 per cent. among 
lumbermen, who presumably have no 
exposure to dust containing silica, to 
77.8 per cent. among buhrstone dress- 
ers, who are exposed to silica dust 
constantly in the course of their work. 
It is largely because of this association 
with tuberculosis, together with the 
fact that large numbers of workers are 
employed in trades involving exposure 
dust, that ranks 
among the important (13) occupational 


to silie: silicosis 
diseases.! 

Clinically the disease can be recog- 
nized with certainty only by means of 
radiographic examinations of the chest. 
Physical signs in the lungs are indeter- 
minate. Silicosis tends to run a 
progressive course and there is evi- 
dence that progression may take place 
after removal from exposure, even in 
comparatively early stages. Mavro- 
gordato (3) believes that such progres- 
sion after the hazard has ceased is due 
to an infective element which may or 
may not be tuberculous. 


1 Compensation for silicosis or miners’ 
phthisis as such is awarded in South Africa, 
(reat Britain, New Zealand, Ontario, 
Alberta, Queensland, Western Australia, 
and New South Wales (14). ‘There is no 
systematic compensation for 
miners’ phthisis as such in the United States 
ser) although compensation for it can, 
of course, be secured in the five states hav- 


ing an all-inclusive occupational disease 


silicosis Of 
at pre 


»aAact. 


Reason for Present Study 


So far, reported studies of silicosis 
have been made for the most part on 
industrial groups in which the exist- 
ence of silicosis as a hazard wags 
deducible a priorz. In the Industria] 
Department of the Vanderbilt Clinic. 
the occasional worker who appeared. 
giving a history of rock drilling in sub- 
way or tunnel construction work jn 
New York City only and who showed 
on X-ray examination of his lungs 
well-marked evidence of _ silicosis. 
aroused speculation as to the extent 
to which silicosis develops under con- 
ditions of excavation and tunnel con- 
struction in this city. While it seemed 
possible that some of the phases of 
such work might duplicate mine con- 
ditions, there was considerable doubt 
as to whether the dust 
high enough in silica content, the dust 


inhaled was 


concentration sufficiently great, or the 
exposure for this type of worker suff- 
ciently continuous to subject him to a 
A study, how- 
ever, of a representative group of men 


real silicosis hazard. 


from occupations exposing them to the 
rock dust of Manhattan was considered 
worth making for the information, of 


f 


whatever nature, it would give on thi 


J) 


subject. This paper reports the result: 
of such a study. 


Scope of Study 


It was the original intention to ex- 


. 1 
engaged in actual 


amine only men g 

rock drilling but it soon became appar- 
ent that there is considerable inter- 
change of work among rock driller: 
rock men who break up rock and WoO! 
in conjunction with the drillers, 


cavators, and blasters. It seemed log- 








COsis 
rt on 
‘xist- 
Was 
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linie. 
ured, 
Sub- 
k in 
wed 
ungs 
-OSIS, 
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ne of 
con- 
oubt 
was 
dust 
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men 
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‘eal, therefore, to include all these 
croups in the study, especially as they 
are all closely associated and all ex- 
posed to the inhalation of rock dust to 
creater or lesser degree. It was esti- 
mated by the head of the Tunnel and 
Subway Construction and_ Inter- 
national Union that there are roughly 
9900 union men engaged in these 
occupations in New York City. Of 
the number of nonunion men no esti- 
mate can be made. ‘The total number, 
of course, fluctuates widely, depend- 
ing on the operations under way at any 
one time. 

\len of the occupations mentioned 
were recruited, not without consider- 
able difficulty and persistent effort, 
through contact with union leaders 
and employers and by personal letter. 
As an inducement to come, each man 
was told that he would receive a report 
on his condition. In addition to a 
physical examination, 
X-ray examination of the lungs was 
made in each ease and the films were 
submitted to Dr. Henry Ix. Pancoast, 
professor of roentgenology of the Uni- 
versity of Pennsylvania, for diagnosis. 
ixaminations of sputum and of urine 
and Wassermann blood tests were made 


stereoscopic 


whenever specimens were obtainable. 
The group of 230 men who pre- 
sented themselves for examination ap- 
peared to be a fairly representative 
lot. While there were some who felt 
‘| and came to determine the cause, 
these were balanced to a certain extent 
by others, vigorous and free from com- 
plaint, who came simply because they 
ught it a good idea to get ex- 
ned. Temporary unemployment 
s the chief selective factor at work 
d this acted equally on all condi- 
of men. 


Before examination a history of each 
man was taken in which, in addition to 
past illnesses and present complaints 
relating to the respiratory tract, special 
attention was paid to his industrial 
background so far as exposure to rock 
dust was concerned. Information was 
obtained as to his present trade and as 
to previous work at dusty trades. He 
was questioned as to the total length 
of time spent at work involving ex- 
posure to rock dust, the locality in 
which such work was done, the type of 
rock handled, the type of drill used, 
and the type of excavation where work 
had been carried on. In general, it 
was felt that the industrial informa- 
tion obtained was considerably more 
satisfactory than the medical. One 
could not be sure that past illnesses 
were remembered or accurately re- 
ported, and there appeared to be con- 
siderable reticence about discussing 
details of present complaints. 


Type oF Rock IN New YorK AND 
VICINITY 

The chief rock formations in New 
York and vicinity are Manhattan 
schist, Inwood limestone, Fordham 
gneiss, and Yonkers gneiss (15). Man- 
hattan schist which covers most of the 
island of Manhattan is a complex, 
highly variable micaceous schist which 
in many places is very massive and 
rich in quartz, and in other places more 
micaceous with correspondingly less of 
quartz. Samples taken by Fehnel 
(16) from eight localities where excava- 
tion work was being done, all in the 
Manhattan area, showed a total silica 
content varying from 56 per cent. to 
94 per cent., and a free silica content of 
from less than 1 per cent. to St 


per cent. 





DIAGNOSIS OF SILICOSIS 


The diagnosis of silicosis among the 
men examined was based on the X-ray 
findings. Physical signs in the lungs 
were noted, but were not given diag- 
the 
known fact that in this condition they 


nostic weight because of well- 
may be either absent or misleading. 
Watkins-Pitchford (1) in illustrating 
this point says that, of 541 men on the 
Witwatersrand who had been certi- 
fied to be silicotie on the basis of lung 
signs and symptoms alone, 225, or 
41 per cent., were later found to show 
no radiographie evidence of. silicosis. 
In addition to the X-ray appearances 
and physical signs, attention was given 
to the general state of nutrition, the 
presence and degree of dyspnea, and 
the 


pansion. 


limitation, if any, of chest ex- 

The height and weight were taken 
in each case and the weight compared 
with the average weight for that height 
and age, according to the Metropolitan 


The 


men were examined for dyspnea by 


Life Insurance Company tables. 


taking the respiratory rate before exer- 
minutes after 
The vital 
capacity was not measured, but the 


cise and again two 


thirty hops on one foot. 


chest girth at the ensiform level was 
recorded at full inspiration and ex- 
piration. 

It is not within the scope of this 
article to discuss the X-ray appear- 
ances of silicosis in full detail. For a 
complete exposition reference is made 
hook 


the 
writings of other authorities on the 


to Paneoast and Pendergrass’ 


““Pneumoconiosis (17), Or to 
subject. It may be said briefly that 


four the development of 


stages in 


silicosis are recognized by Pancoast 
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(17). He follows in general the classi. 
fication of Childs and Lanza made jn 
1917 except that through the influence 
of Riddell and Brink he has added to 
their three stages an earlier ante- 
primary stage. This stage is charac- 
terized, according to him, by a slight 
hazy increase in density in the cen- 


lg 


tral lung fields, more on the right 
side than on the left, or even entirely 
on the right side; an increase in density 
similar to the shadow cast by a small 
breast or a_ well-developed 
pectoral muscle in a male, but below 
the location where such a shadow is 
usually found. 
stage: ‘To interpret such appearances 


female 


Pancoast says of this 


correctly, one must be very familiar 
with the normal or healthy adult chest 
unaffected by silica inhalation. To 
any one familiar with silicotic chests 
only, the appearance might not be 
significant.” 

This ante-primary stage of silicosis 
is not generally included in classifica- 
tions of the disease. In practically 
all the studies of silicosis made in the 
United States the first stage appear- 
ances have been considered the earliest 
When all this study 


these early appearances, however, are 


cases in with 
classed together and compared with 
the cases which were definitely nega- 
certain differences 


for silicosis, 


in the two groups are apparent which 


tive 


lend Support to the belief that thes 


changes, in all probability, indicate 1 


earliest detectable effect of dust and 


that this should be considered 
first roentgenologic stage in tracing 


the progress of the disease. 

A later development than the ant 
first 
which there is a definite increase 1n 1 


Stage, 


primary stage is the 


hilum and trunk shadows and a pro! 
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nence of the linear markings. The 
appearances of this stage are very 
similar to those of chronic bronchitis, 
chronic passive congestion, and 
osthma. Cases in which there was a 
question of these conditions being re- 
sponsible for the findings were, as far 
as possible, excluded from the group 
considered to show first stage silicosis. 
The second stage, most characteristic 
of silicosis, is recognized by a mottling 
throughout both lungs due to the pres- 
ence of small discrete fibrotic nodules, 
pinhead to pea in size. In the third 
stage these nodules have coalesced to 
a great extent and areas of massive 
fibrosis are seen, or there may be a 
diffuse fibrosis with larger or smaller 
nodules still present. This classifica- 
tion into ante-primary, first, second, 
and third stages is purely roentgeno- 
logic, based on the pathologie changes 
which have occurred in the lung 
whether or not they are reflected in 
symptoms or in disability. 


Comparison of Present Classification 
with South African Classification 


\Many different classifications of sili- 
cosis have been made, with the result 
that considerable confusion is likely to 
arise when the findings of different 
studies are compared. ‘The classifica- 
tion most commonly used is probably 
ihat adopted by the Miners’ Phthisis 
\ledical Bureau of South Africa. Be- 
ause of the extensive work on silicosis 
which has been done in South Africa 

nd the important conclusions reached 
regard to the rate of progression of 
he disease in different stages, it is 
portant to realize the differences 
etween the South African classifica- 
‘ion and that used in this study. 
\ecording to the South African 


classification (1) which has reference 
to clinical as well as roentgenologic 
findings, there are three stages: an 
ante-primary stage, in which it is 
found that the “earliest detectable 
specific physical signs of Silicosis are 
or have been present; whether or not 
capacity for work is or has been im- 
paired;” a primary stage, in which it 
is found that ‘‘definite and specifie 
physical signs of Silicosis are or have 
been present, and that capacity for 
work is or has been impaired;”’ and 
a secondary stage, in which it is found 
that “definite and specific physical 
signs of Silicosis are or have been 
present, and that capacity for work is 
or has been seriously and permanently 
impaired.” 

The relation of this classification to 
radiographic lung findings was recently 
made clear in an article by Riddell and 

{othwell (8) in which it is stated that 
Dr. J. M. Smith of the Miners’ 
Phthisis Medical Bureau had _per- 
sonally reviewed and classified the 
majority of the roentgenograms in the 
study. According to these authors, 
the X-ray appearances of the ante- 
primary stage by the South African 
classification are characteristic of sili- 
cosis and consist in a nodular mottling 
more or less evenly distributed 
throughout both lung fields. The de- 
scription apparently corresponds to the 
fine mottling of the early second stage 
in the present classification. The ap- 
pearances of the South African pri- 
mary stage are described as, in general, 
the same as those of the ante-primary 
stage except that the individual 
nodules are larger and more numerous. 
This would still correspond to the 


second stage as understood in this 


study, in a later form. The appear- 
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Liddell 


and Rothwell’s study are spoken of as 


ances of the second stage in 


corresponding to massive fibrous re- 
placement of lung tissue; appearances 
essentially the same as those of Pan- 
The 


ante-primary and first stages as de- 


coast’s and Childs’ third stage. 
scribed here are apparently not in- 
eluded in the South African classifiea- 
tion which virtually begins with the 
understood in this 


second stage as 


study. 


INCIDENCE OF SILICOSIS 


Two hundred and thirty men were 
examined and X-rayed, but twenty- 
two cases were discarded owing to un- 
satisfactory lung films, leaving a total 


of 208 for complete study. On the 


per cent. of the total number in this 
series, in which in addition to signs of 
the ante-primary or the first stage 
there was also a general haziness sug- 
gesting that the third stage or a con- 
dition of diffuse fibrosis was develop- 
ing without any intermediate second 
stage. In the tables throughout this 
article these cases showing a diffuse 
fibrosis type of third stage, together 
with the cases showing regular second 
and third stage changes, have been 
thrown together, because of their small 
numbers, in order to make comparison 
with the groups 
slighter changes. 

The incidence of silicosis by stages 


possible showing 


in the total group of men examined 
is illustrated in Figure 1. 








wv 


fiegative 435 
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First Stage 
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Fira. 1. 


of 208 men examined. 


basis of Pancoast’s classification out- 
lined above, of the 208 lung radio- 
grams examined, ninety, or 43° per 
cent., were negative for silicosis; 118, 
or 57 per cent., showed evidence of it. 
Of these, forty-seven, or 23 per cent. 
of the total group of 208, were in the 
ante-primary stage; thirty-nine, or 19 
per the first 
fifteen, or 7 per cent., in the second 
the 
In addition to the cases 


showing these more or less clearly de- 
Sd yr ; 


were 1n stage; 


cent., 


and ten, or 5 per cent., in 


stage ; 
third stage. 


. _ ; : a. ne » 
fined stages there were seven cases, 3 





-Incidence of silicosis by stages in total group 


It is difficult to compare the inci- 
dence of silicosis as found among these 
rock drillers and excavators with thai 
found in other studies because of differ 
Kindel and 
foun 


ences in classification. 
Hayhurst (9), for 
an incidence of approximately 30 per 


instance, 


cent. of cases of silicosis among a group 
of 917 sandstone quarry workers | 

Ohio. 
recognized in their study, 


No ante-primary cases were 
however 
and a group comprising about 26 pe! 
the total i 


showed changes corresponding to the 


cent. of number, which 
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srst stage in the present study, was not 
‘neluded in the estimate. The 30 per 
cent. of eases of silicosis in the Ohio 
study would therefore approximately 
correspond only to the 15 per cent. of 
eases advanced beyond the first stage 
in this study. 

Robertson (18) found among 2,980 
miners in the gold fields of Kalgoorlie, 
Western Australia, 22 per cent. show- 
ing silicosis in an “early” or an 
“odvaneed” stage including those in 
which tuberculosis was present. Here 


mentioned correspond with the second 
and third as used in describing the 
cases here reported. 

Lanza and Childs (4), in their study 
of 720 miners in Missouri, found an 
incidence of 74 per cent. of cases 
showing first, second, and third stage 
changes as compared with the 34 per 
cent. showing such changes in this 
study. 

Riddell and Rothwell (8), examin- 
ing in Ontario a group of 1,487 men 
from a number of different dusty 
trades, most of whom were exposed to 
dust containing silica, found a total of 
only 5 per cent. to be silicotic. 


| 
‘ 


GENERAL DESCRIPTION OF GROUP 
EXAMINED 


Country of Birth 


sy birth the group examined was 
predominantly North American. One 
hundred and two, or 49 per cent., were 
rm in the United States; eighty- 
seven, or 42 per cent., of native stock. 
venty-three, or 35 per cent., were 
italian born of native parentage, and 
‘wenty-five, or 12 per cent., were Lrish 
rm of Irish stock. The remainder 


were distributed as to. nativity 
throughout various countries of 
Europe and South America. 


Age, Marital State, and Race 


The age distribution of the men 
examined, for the total group and for 
those showing the various stages of 
silicosis, is shown in Table 1. 

Thirty-six, or 17 per cent. of the 
entire group, were under 30 years of 
age. One hundred and forty-four, or 
69 per cent., ranged from 30 to 55 
years of age and twenty-eight, or 13 
per cent., were 55 years or over. 

In general a correlation is shown 
between age and stage of silicosis. 
Thus among the men showing no evi- 
dence of silicosis the largest propor- 
tion fell in the 25 to 29 year age group. 
Among those with ante-primary silico- 
sis the largest proportion were 30 to 
34 years of age, and among those with 
first stage changes there were more in 
the 50 to 54 year age group than in 
any Other. One-fourth of the men 
with second or third stage changes fell 
in both the 40 to 44 and the 55 to 59 
year groups. 

Seventy per cent. of the men were 
married. Slightly more than one- 
third of them were colored. No ex- 
cessive incidence of silicosis was found 
among the colored workers. On the 
contrary, eighty-three, or 61 per cent. 
of the 136 white men, had silicosis in 
some form, while it was found in 
thirty-six, or 50 per cent., of the 
seventy-two colored men. ‘The differ- 
ence between the incidence of silicosis 
among the white and the colored 
workers may have been due to the 
fact that the colored men were, on 


the whole, slightly younger than the 
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white men and had a slight difference 
in their favor in the length of time 
they had been exposed to rock dust. 


TABLE 1.—STAGES OF SILICOSIS IN RELATION 


TOTAL ME 
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AGE GROUP ' 
- on ‘he 
= co . > a 
+ om ‘oe mom 
7 poe Pa Q hoot a 
ae 
90-24 S ,.9 2? 1.7 6 
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45-49 23 | 11.0 is | 15.2 7) 
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9D ae) 19 4 l Lo 12 7 } 
H0—-64 a) > 5 . 2 | 
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Local ty of Work 


W hile 


had worked in a variety of places, on 


many of the men examined 

the whole the group reflected the effect 

of New York City excavating condi- 

tions. The great majority of the men 

had worked in New York at some time 
pm 

zs 


and ninety-eight, or per cent., had 


never worked elsewhere. A compari- 
son of the incidence of silicosis in this 
exclusively New York City group and 
in the group which had worked else- 
where as well as in New York is shown 
Table 2. 
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among the men who had worked on] 


in New York City than among those 
who had worked elsewhere as well. 
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Length of Exposure to Dust 
The men were accepted as the) 


came, without any qualifications as to 
the length of time they had been en- 
gaged in work exposing them to rock 
dust. 
minimum 


It was thought that without 2 
limit per- 
spective would possibly be obtained. 


time a truer 
The time spent at all dusty occupa- 
tions, 2.¢., drilling, excavating, or blast- 
ing, as reeorded in the histories, 
given in Table 3 for the entire numb 
silicosis in th 


and for those showi1 


ig 
various stages. 

From this table it may be seen th 
seventy-six men, or 36.5 per cent., had 


been exposed less than ten years, whil 
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132, or 63.5 per cent., had been exposed 
The shortest ex- 


A 


ten years Or more. 








TOTAL MEN EXAMINED 


ante-primary group it was forty years; 


in the first stage group, f 


TABLE 2.—LOCALITY OF WORK IN RELATION TO INCIDENCE 
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TABLE 3.—LENGTH OF EXPOSURE IN RELATION TO INCIDENCE AND 


STAGES OF 


TOTAL MEN EXAM- | 


| NEGATIV 
| INED 
} 


LENGTH OF ae ee —_ 


} 
| 
| 
| 


. ‘TT? . 1 i ! ] 
EXPOSURE | 7. 1 = | ome rr 
| ~ oot - ~ | A 
oats > lw et ies 
ne — | Lhe | QDe _ 
| —_~ of — —_ ~~ can . = 
} o = oe ~ on ° = 
Ae Ss = lO Is 
| —= Pa = ow ae re - 
= —_— = -_~ ow 
~ ~ w « — ~— a. 
, “~~ — 7. ~ PN eee | 7 ~— ~~ 
IA | f = ~ 16 S 


STLICOSIS 


ANTE- Pea Sia ie ie 

- ; FIRST STAG 
E | PRIMARY p 

; 1 OF SILICOSI 

SILICOSIS 


| 
| 
| 
| 
| 
| 
} 


Distri- | 
ution 


Distri- | 
Cy of Ex- 


posed 
bution 


N 
I 


posed 


No. 
( 
( 


O% of Exe | 


~~ 


! 
ii w~ 
Seed roa 

~ } ao — 3 
a j ~ a 
~ __ a ~ 
> ver 
ip - s Tk 
ao ° | ~~ / oa 
a —_ — 7 
a — ~ ~~ 
_ ry } et ~O made 

} 

4 ~ i= ~ 


| SECOND AND 

E | THIRD 

S| STAGES OF 
| SILICOSIS 


Distri- | 


; 


7\ 32/100.0115. 


Totals -/208/100.0)118 100.0) 90100.0/43.3} 47,100.0)22.6} 39'100.0)18. 4 
sities lies steele etinnstint } —— — _ a - | | } / : | oe 

ie | | | | | | | | | | | | | | | | 

} | | | 
Less than 2...| 6} 2.9] 1] 0.9] 5] 5.5/83.3! 0} 0.0) 0.0) 1) 2.6)16.7) 0) 0.0! 0.0 
re | 38| 18.3} 6 | 5.1) 32) 35.5/84.2} 1) 2.1) 2.6) 5] 12.8/13.2) 0) 0.0) 0.0 
Do caeses | 32) 15.3) 13 | 11.0} 19) 21.1/59.4) 10) 21.3/31.2) 2) 5.1/6.2) 1) 3.1) 3.1 
0-19......... | 47) 22.6] 31 | 26.3) 16] 17.8/34.0| 14) 29.8/29.8) 11] 28.2)23.4) 6] 18.8)12.8 
0-29.02... | 63) 30.3} 50 | 42.3) 18) 14.420.6) 20) 42.6)31.7/ 12) 30.8)19.6) 18) 56.2/28.6 
1) 13! 6.3} 11] 9.3} 2| 2.2)15.4) 1] 2.1! 7.7] 5) 12.8/88.5) 5) 15.6)38.5 
{0 and over. 9| 4.3} 6] 5.1) 3] 3.3/33.3} 1) 2.1/11.2) 3] 7.7'33.3} 2| 6.2/22.2 


posure in the entire group was six 
eks; in the ante-primary group it 
is three years; in the first stage group 
was one year, and in the second and 
rd stage group it was nine years. 


lhe longest exposure in the entire 


group was forty-six years. In the 


and in the second 
group, forty-four years. 

[t must be 
time of exposure give! 


does not 


represent tin 
tinuously at work. Al 


be made for periods of u 


and 
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Table 3 
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In order to gain an idea of the steadi- 
ness or intermittency of exposure, the 


First stage silicosis, while present in 
the short exposure groups, becomes and 
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Kia. 2.—Length of exposure to dust containing silica in relation to in- 


cidence and stages of silicosis. 


men were asked how many months, on 
an average, they had worked per year 
in the past five years. ‘I'wo per cent. 
had worked five months per year or 
less. Sixty-five per cent. had worked, 
on an average, either six, seven, or 
eight months per year in the last five 
years. Thirty-three per cent. had 
worked nine or more months out of 
each of the last five years. 

Figure 2 illustrates the relationship 
between the length of exposure to 
dust containing silica and the develop- 
ment of silicosis in its various stages. 
[t will be seen that the proportion of 
negative cases is largest in the first two 
exposure groups and shows a steady 
the 
posure periods become longer down to 


progressive diminution as eXx- 


the last group. Ante-primary silicosis 
is present in about equal proportions 
in the groups having exposure periods 


twenty-nine 


. 


five to 


of from 


years. 





remains proportionately conspicuous in 
the groups with an exposure of ten 
Second and third stage 
silicosis, on the other hand, is less 
conspicuous than first stage until after 
twenty years of exposure when it comes 
to the fore. In the last group, having 
an exposure of forty years and over, the 
proportion of advanced cases falls off 
slightly, indicating that these men have 
begun to drop out of the work. 

It is apparent that the silicosis found 
in this study was of rather slow de- 
velopment. This was due chiefly, 
in all probability, to intermittency of 
exposure, Fehnel’s (16) dust 
studies indicate that the silica dust 
hazard of the work is in general pro- 
nounced. 


years or more. 


since 


Occupational Distribution 


In respect to occupation, the total 
group was found to be almost equally 








t in 
and 
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divided between drillers and nondrillers 
with a slight excess of the former. In 
the nondriller group were the rock 
men, excavators, and _ blasters. 
Twenty-six, or 12 per cent., of the 
total group were blasters; sixty-seven, 
or 32 per cent., were rock men and 
excavators. ‘There is no essential dif- 
ference between the work of the so- 
called rock men and that of the 
excavators. The blasters are often 
also drillers, though the reverse is not 
true. It frequently happened that 
men had done both drilling and ex- 
cavating, or drilling and blasting, in 
which ease they were classified as to 
the type of work done longest. 

Table 4 presents the distribution of 
the three occupational groups, the 
drillers, the blasters, and the excava- 
ators, according to length of exposure 
and also gives the incidence of silicosis 
in each group by exposure periods. 

In this study the highest incidence 
of silicosis occurred among blasters 
and the lowest incidence among ex- 
cavators. Eighty-one per cent. of 
the blasters were silicotic as compared 
with 59 per cent. of the drillers and 
‘3 per cent. of the excavators. The 
blasters as a group had a history of 
longer exposure to rock dust, however, 
than the other two occupational groups 


and the excavators, a shorter exposure. 


Thirty-one per cent. of the blasters 
had been exposed for thirty or more 
years, compared to 10 per cent. of the 
drillers and 3 per cent. of the ex- 
CaVators. 


Blasters showed not 


only more 
silicosis (Table 4) but more advanced 
silicosis than the other groups, as seen 
n Table 5. 
third stage was found in 4 per cent. 
ol excavators, 16 per cent. of drillers, 
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and 38 per cent. of blasters. 


TABLE 5 


STAGE OF SILICOSIS 
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[t looks 
as though blasting as a job is more 





dominates. This type of drill, which 
has replaced the old steam tripod drill, 
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It was found that 


men who had worked only with 
drill greatly outnumbered 


had used only a wet drill, ther 


per Cente. of the former 


of the latter; sixty men, 


cent., had used both. 


machines are used in New 
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is employed in open cuts, “‘cut and 
cover’ work, and tunnels, while the 
wet drill is commonly used in driving 
a tunnel through solid rock where the 
arch and top must be drilled as well as 
the sides. Many of the men who were 
familiar with the old tripod drill be- 
lieved that the change to the dry Jack 
hammer had been for the worse as far 
as working conditions were concerned. 
They complained that the new drill 
dust and, 
brought their faces closer to the sour 
of the dust.’ 


created more being short, 


Type of Excavation W ork 


The type of excavation work done 


Was of three sorts: ordinary Open CArA- 


cavating such as precedes building 


Che jack hammer type of drill is n 
necessarily a dry drill. It is made wit 
both a solid steel drill shaft and a hollo 
steel shaft, through which water or alr ¢ 
both may be applied. In South Africa, driv 
drilling has been prohibited by law Sin 
1921. When solid steel drills are us 
water is supplied by an accessory hose 
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onstruction, tunnel excavation, and 
“eut and cover’ work such as is seen 
‘) subway construction where the cut 
‘s covered with boards. Some of the 
yen had done tunnel work under com- 
pressed air and some had done mining, 
slsewhere of course than in New York 
City. Most of them had engaged in 

mbinations of two or more of the 
foregoing types of work. 

Open excavating above ground 
might, on the face of it, appear rela- 
tively free from serious hazard because 
of presumable air currents carrying 
dust away. Much depends, however, 
on whether the excavation is in the 
open or is partially surrounded by 
That high dust concen- 
trations occur in such places is shown 
by Fehnel (16). In counts made on 
twenty-one samples obtained from six 


high walls. 


building foundation excavations he 
found that the number of particles 
below 10 microns in size ranged from 
nearly seventeen million to over seven- 
teen billion per cubic meter of. air. 
Higher dust concentrations were 
shown in some of these samples than 
were found in the dustiest departments 
the Portland cement plant reported 
in United States Public Health 
Bulletin No. 176 (19) where the same 
type of dust sampling instrument was 
ised, 
There is no provision made for ven- 
tion in tunnel or “‘eut and cover” 
rk and atmospheric conditions are 
yuin entirely the result of chance, 
th ample opportunity for the 
tion of culs-de-sae with high dust 
neentrations. In nine samples taken 
l'chnel (16) from two subway “cut 
cover’ excavation sites, the 
is of particles less than 10 mi- 
in size ranged from a little over 


two million to nearly two billion per 
cubic meter. 

The open type of excavation work 
was the one most frequently listed by 
the men examined. Seventy-two, or 
35 per cent., of the men had worked 
only in open excavations. ‘Twenty- 
nine, or 14 per cent., listed work in 
open excavations and tunnels; twenty- 
six, or 12 per cent., each, in open ex- 
cavations and ‘cut and cover” jobs 
and in open excavations, tunnels, and 
“cut and cover” jobs; eleven, or 5 
per cent., in open excavations and 
mines; seven, or 3 per cent., in tunnels 
only; and two, or 1 per cent., in “cut 
and cover’ excavations only. ‘The re- 
mainder listed twelve other combina- 
tions of work. 

No correlation is possible between 
the incidence of silicosis and the exact 
type of work since those who had done 
“cut and cover’ work, for example, 
had also in many cases done tunnel 
work, mining, ete., as well. 

A correlation is possible, however, 
between the incidence of _ silicosis 
among those who had engaged in open 
excavating only and that among those 
who had done all other types of work: 
namely, tunnel work, ‘“‘eut and cover” 
work, work under compressed air, and 
mining. 

From Table 6 it may be seen that 
the incidence of silicosis in all stages 
was, as might be expected, consider- 
ably less among those who had done 
open excavating only than it was 
among the men who had done the other 
types of work. 

Figure 3 depicts graphically the 
comparative incidence of cases show- 
ing the various stages of silicosis in 


the two groups. Thus among those 


who had done only open excavating, 
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had no silicosis, 21 per 
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TABLE 6.—TYPE OF EXCAVATION IN RELATION 
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t 
ow 


Data obtained from the questionnaires incidence of influenza and bronchitis, 
are reported, however, for their face the incidence of pleurisy and especially 
value. of pneumonia is definitely higher in 


TABLE 7.—PREVIOUS RESPIRATORY DISEASES IN RELATION TO STAGES 
OF ‘SIL I¢ OSIS 





ae | : SECOND AND 
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In | ae 7| 3 2 | 35.5 | 13 | 27.6} 12 | 30.8] 9 | 28.1 

Bronchitis..........0..0... 16 77 | 8 gs | s9| 4] 8.5] 3 | 7.7] 1 | 3.1 

Pleurisy. | 15 ig | 7.8) 3 | 64] 0 | OO] 5 | 15.6 

Pneumonia. | 30 | 14.4 ) 12 | 1 | 6.4) 4 | 10.2} 11 | 34.4 
ih. | | | 


| Oo | 0.0 


\ BLE 8.—INCIDENCE OF SELECTED SYMPTOMS RELATED TO RESPIRATORY 
CONDI r IONS, BY STAGES OF SILICOSIS 
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— | ANTE- FIRST 
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TOTAL M — pe ae THIRD 
NEGATIVE | PRIMARY | STAGE OF 
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! 7 | , ! 4 a | 4 ¥ -# ] , # 
No. | / | No. % | sNO. | / No. % | No. ay! 
i eT eer errr rere ste | 208 |100.0 | 90 |100.0 | 47 |100.6 | 39 |100.0 | 32 |100.0 
‘\ . ~ - A“? i Fo « ‘ a > | «se ‘ cy~ 
WO COMMMAING «6005 c0eee550 95 | 49.7 | 47 | 52 2| 27 97.4) 13 | 38.3) 8 20.0 
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i reer or rer Tee | 44) 21.1) 24 | 26.7] 10 | 21.3] 11 | 28.2) 9 | 28.1 
Expectoration..............| 10] 4.8} 3 | 3.3 lL | 2.1 1 | 2.6] 9o 15.6 
CO | 6] 2.8 | 5 | 5.5) O | 0.0 0 | 0.0] 1 | 3.1 
. rrerererre | 62 | 29.8] 21 | 23.3] 11 | 23.4] 15 | 38.5] 15 | 46.9 
Pain in chest...............| 50 | 24.0] 25 | 27.8| 7 | 14.9 | 10 125.6] 8 | 25.0 
Fatigue..................... 7] 3.4] 2 | 2.2] 0 | 0.0] 3 | 7.7] 2 | 6.2 
Loss of appetite............) 6] 2.8| 2 | 2.2; 0 | 0.0; 1 | 26; 3 | 9.4 
| ‘ | | 9 9 wy Fy ‘ ‘ 
Loss of strength............]| 8 | 3.9 do | dd | O | 0.0; 3 | 7.7] 2 6.2 
: ‘ -~. @ 2. 4 » ¢ 
Loss of weight........ | 6] 2.8 3 | 3.3!) 0 | 0.0} 1 2.6 2 6.2 
ight sweats................ 5| 2.4] 2 | 2.2] 1 2.1] 1 2.6} 1 3.1 
Table 7 presents the incidence of the group showing the second and third 
past respiratory disease in the group _ stages of silicosis. 
as a whole and in the negative and The men were questioned specific- 


licotie groups. It will be seen that ally about the symptoms listed in 
' there is considerable uniformity Table 8 because of their possible rela- 
ong the various groups in the past tion to respiratory disease. ‘This table 


°y 








THE JOURNAL OF 
shows that in this study only dyspnea 
and, to a less extent, expectoration 


seem to bear a definite relation to 


developing silicosis. Fatigue, loss of 
appetite, loss of strength, and loss of 
weight were reported by a slightly 
larger pereentage of thuse in the first 
and the second and third stage groups 
than in the other PrOUDps, but the actual 
numbers of men econeerned were too 


and 


pain in the chest, generally considered 


small to be significant. Cough 
hea es ee eee ah. _ 
this 


study reported in approximately equal 


tomatology of silicosis, were in 


proportions among the silicotie and 


. . . y ve 1 é —_ 
the non-silicotie. ight, or 25 per 
. | °47 rh Se. } 
ecent., of the men with second Or thnira 
“ 6 1 . 1 
stage mecosis reporcead none of tne 


symptoms listed. 


PHYSICAL FINDINGS 


Inasmuch as the men were given 


complete physical examinations, many 


data were collected which were irrel- 


evant to the subject of silicosis and 


which therefore are not recorded here. 


In this section are presented only 


findings related to lung conditions and 


findings of general interest. 


Build and Stature 


In build and stature a rather heavy, 


stocky physical type predominated. 


About half the men were of standard 
weight; a little over a third were over- 
weight, and less than a quarter were 


underweight. The proportion of un- 


derweight individuals diminished in 


the groups showing more advanced 


| 
SLLICOSIS 


and was 


group with second and third stag 
changes. About 70 per cent. of the 


men ranged from 5 feet, 2 inches to 3 


oz re 
eet, ¢ wnceches in NewD 
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Chest Expansion 


Measurements were made of chest 
expansion at full inspiration and full 
expiration in all cases. Chest expan- 
sion even in the negative group tended 
to be less than is usually considered 


] 


normal. Some restriction of expan- 


sion was found to be associated with 
silicosis beyond the ante-primary 
stage. An expansion of 2 inches or 
less was found in 55 per cent. of cases 
in the group showing no silicosis; in 
53 per cent. of those with ante-pri- 
mary silicosis; in 67 per cent. of cases 


with first stage changes; and in 69 


per cent. ol 


third sta 


eases in the seeond and 


ve group. 


Fa) 
) . 2s mil — KF) . 
iespiratory ate 


The respiratory rate before exercise 
and again two minutes after thirty 
hops on one foot was recorded in all 
but twelve cases. Some dyspnea was 
demonstrated in this way in the second 
and third stage group. The rate was 
found to have returned after exercise 
to the preexercise rate, or slightly less, 
in approximately 85 per cent. of cases 
in the negative, ante-primary, and first 
stage groups. In the group showing 
second and third stage changes it had 
returned to the preexercise rate after 
exercise in 75 per cent. of cases. In 
all but one of the cases showing an 
increase after exercise the increase was 


no greater than 9 respirations per 


minute. 
Vision. Hearing, ele. 


In testing for myopia by the Sne! 
len chart, forty-eight, or 23 per cent., 


ay 
+ 


the men were found to have defec- 
had a 


probably at- 


QO! 


tive vision. Seven per cent. 


chronic conjunctivitis 


tributable LO dust. The proportion 
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n with defective hearing was large, 


as was natural in a group exposed to 


est , 
‘ull the noise of pneumatie drills and 
ni, blasting. One hundred, or 48 per 
led eent.. of the entire number had some 
wl ipairment of hearing. In the group 
ee of thirty-two showing second and third 
th ve silicosis twenty-two, or 70 per 
mm nt., were partially deaf. One-quar- 
as ‘of the men had partial nasal ob- 
~~ struetion, an undesirable condition 
" presumably among those exposed to 
my rock dust, though Jarvis (20) in study- 
~_ ing the granite cutters of Vermont con- 
69 cluded that mouth breathers elimi- 
all ite more dust than nose breathers. 
Thirty-seven, or 18 per cent., of the 
men showed enlarged or infected ton- 
is. Dental caries and pyorrhea were 
ige : present in 29 and 34 per cent. of cases, 
ety respective:y. 
all 
_ Heart Disease 
nd Twenty-two men, or 10 per cent. 
vas of the total number, were found to 
‘ise have heart disease which was classified 
SS, ollows aecording to the terminology 
ses approved by the American Heart As- 
rst sociation: 
ing 
hronie myocarditis................. 6 
ad hronie myocarditis with enlarge- 
ler Soa ktdtbvataretnkhd o0th ees 6 
In (hronie cardiac valvular disease.... 3 
an iinlargement of heart 1 
rag \ortitis with dilatation 2 
sie \rteriosclerosis of aorta............ l 
22 
iologie factors were recorded as 
e|- ws: arteriosclerosis in nine cases: 
\t., rtension in eight cases; syphilis 
ec- vO eases; rheumatie fever in one 
a se; chronic nephritis in two cases; 
at- nknown in nine cases. There is a 


] 
i 


01 stion as to whether the rather high 


{ 
dence of chronic myocarditis may 





be related to the presence of silicosis. 
it seems reasonable to suppose that ad- 
vanced silicosis would tend to impede 
pulmonary circulation and thus throw 
an additional burden upon the heart. 
The group showing second and third 
stage changes actually had a consider- 
ably higher incidence of heart disease 
than the other groups but since the 
factor of age enters the situation as 
well as the factor of silicosis it is im- 
possible to reach a conclusion as to the 
etiologic importance of the silicosis. 
Several cases showed rather marked 
decompensation. In these it was im- 
possible to form an opinion as to the 
presence or absence of silicosis. 

The arteries showed thickening in 
eighty-seven cases, or 42 percent. The 
blood above 150° in 
Nine of these 
occurred in the negative group, an 
incidence of 10 per cent., while nine- 


pressure was 


twenty-eight instances. 


teen cases occurred among those show- 
ing evidence of silicosis, giving an in- 
cidence in this group of 16 per cent. 
The diastolic blood pressure was above 
100 in 


eent. of 


twenty-one 
the 
these eases occurred in 


cases, or 10 per 
entire group. Tive of 
the negative 
group, an incidence of 5 per cent., and 
sixteen of them in the silicotie group, 


While it 


is possible here too that silicosis may 


an incidence of 13 per cent. 


have been in part responsible for the 
increased amount of hypertension in 
the silicotie group, it must be remem- 
bered again that the men in this group 


were older and that the factor of age 
may have been at least partially ae- 


countable for the difference. 


Lung Findings 


The lung findings most frequently 
reported in all groups are shown in 


Table 9. 
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It is doubtful whether anything of 
diagnostic importance was found on 
physical examination of the lungs in 
any group except that with second 


Tuberculosis 


In diagnosing tuberculosis among 
these men it was necessary to place 


TABLE 9.—LUNG FINDINGS MOST FREQUENTLY REPORTED IN RELATION 


TO STAGES OF SILICOSIS 
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SECOND AND 






































|TOTAL MEN | | _— nach chapemaely THIRD 
ee _.. | NEGATIVE | PRIMARY | STAGE OF 
LUNG FINDINGS seetacanaiienel SILICOSIS SILICOSIS pihapaerettisied 
| SILICOSIS 
—— ne ania a 
|No.| % |No.| % |No.| % |No.| % |No.| % 
as Fetes | | P ate Ff i ome 
Totals dt hipaa be bkOe Sd ee 100.0 | 90 {100.0 | 47 |100.0 | 39 {100.0 | 32 /|100.0 
Negative. ....0.0...cece cee. | 86 | 41.3 | 38 | 42.2| 23 | 48.9]17 | 43.6] 8 | 25.0 
eee | 46 | 22.1] 18 | 20.0] 11 | 23.4] 6 | 15.4] 11 | 34.4 
Diminished breath sounds..| 53 | 20.7 | 21 23.3 | 10 21.3 | 10 25.6 2 | 37.5 
High-pitched breathsounds| 18| 8.7] 2 | 2.2| 6 |12.8| 5 112.81 5 | 15.6 
Exaggerated breath sounds | 26 | 12.5 | 17 18.9 2 4.3 2 | 9.1 5 15.6 
Diminished resonance......| 60 | 28.8 | 27 30.0 | 10 | 21.3 | 10 | 25.6 | 13 40.6 
Prolonged expiration f Bins | 6 6.7 | 4 | 8.5! 7 |17.9| 6 | 18.8 


and third stages of silicosis, where a 
higher proportion of cases with rdéles, 
diminished breath sounds, and di- 
minished resonance was apparent. 
The group with first stage changes 
shares with the second and third stage 
group a higher proportion of cases 
with prolonged expiration than oc- 
curred in the other two groups. The 
ante-primary group showed no findings 
which were not present in approxi- 
mately equal or greater proportion in 
the negative group except high-pitched 
breath sounds. This finding was re- 
ported about equally in all the silicotie 


. ’ +c? 
Lroups. ra 


The lungs were entirely nega- 
tive on physical examination in be- 
tween 40 and 50 per cent. of cases in 
all groups except the last. Even in 
this group with advanced silicosis there 
were no physical signs reported it 
eight cases, or one-quarter of the tota 


| 


number in the group. 


| 
| 
} 


| 
| 


dependence chiefly on radiographic 
examination because the men would 
not remain under observation long 
enough for satisfactory clinical study 
and specimens of sputum were very 
dificult to obtain. Specimens were 
obtained from only six men in all, 
and were negative in each case. The 
diagnosis of tuberculosis with silicosis 
mainly by X-ray appearances with- 
out confirmatory evidence in the form 
of positive sputum or physical signs 
and symptoms known to be persistent 
presents serious difficulties and it is 
entirely possible both that some cases 
may have been overlooked and that 
some which were considered to show 
evidence of active tuberculosis might 
not have so proved had further in- 
vestigation been possible. 

[In the entire series of 208 chest films, 


seven, or 3 per cent., showed what wer' 


believed to be definite or suspected 
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In three 
physical signs 


active tuberculous lesions. 
of these cases the 


qr 


~J 


probably healed, a tendency is shown 
toward an increase of tuberculosis in 


TABLE 10.—INCIDENCE OF TUBERCULOUS LESIONS AS SHOWN BY ROENT- 


GENOGRAM IN RELATION TO STAGES OF SILICOSIS 
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sha Se y Ne) 
TOTAL MEN | NEGATIVE | PRIMARY STAGE OF on 
EXAMINED] ~~ ' ast aviciante ate ions ig | STAGES OF 
TC BERCU 1S 3s is SIL SIS SIL SIS 
TUBERCULOUS LESION: | SILICOSIS 
No % |No oo No.| % |No.| % |No.| % 
a Seer eee | 
EE «tablet VAS kaka ew ak 208 |100.0 | 90 |100.0 | 47 {100.0 | 39 |100..0 32 |100.0 
| - pigs 
Ne bitin ata Dh Siei e wiana es 6] 2.8 2 a2 1 | 2.1} I 2.6] 2 6.2 
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ora | | we eres ee ee 
Cc ae ear re ae 19} 9.1 6 6.7 3 | 6 4 | 3 1.7 i 21.9 








strongly suggested tuberculosis; in two 
they were doubtful and in two negative. 
Sputum was obtained in only one of 
Two of 
the cases oecurred in the group show- 
One occurred in the 
ante-primary group; one was found in 
the first stage group and two in the 
second and third stage group, while 
in one ease there was doubt as to 


the cases, and was negative. 


ing no silicosis. 


whether silicosis was or was not pres- 
ent. 

[In nine instances roentgen ray find- 
ings believed to indicate a healed tu- 
berculous process were seen and in 
iour more instances such lesions were 
suspected. Four of these eases oc- 
curred in the negative group, two each 
in the ante-primary and first stage 
groups, and five in the second and 
third stage group. 


| signs and in three cases symptoms 


In one case physi- 


suggesting 


vg g possible activity were pres- 
Considering the distribution by 
roups of all eases in which tuberculous 
sions were seen, both those con- 

red active and those considered 








the group showing advanced silicosis, 
as may be seen in Table 10. 

The second and third stage group 
shows roughly three times as high an 
incidence of tuberculous lesions as is 
The num- 
bers involved, however, are too small 
to be conclusive. 

In connection with the association of 


seen in any other group. 


tuberculosis and silicosis, a comment 
of tremendous significance is seen in 
the death certificates of rock drillers 
for whom the Tunnel and Subway 
Construction and International Union 
paid death benefits over a period 
covering the last three years. Of the 
total of twenty-one deaths, fifteen were 
from pulmonary diseases, seven from 
lobar pneumonia, and eight from pul- 
monary tuberculosis. 

Following is a résumé of two third 
stage cases among the men examined 
which were believed to be compli- 
cated by tuberculosis: 

Case 1.—This man, colored, aged 57 


years, married, had been a rock driller and 
foreman in New York City for thirty-one 


years. His past history was negative ex- 
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cept for bronchitis and pneumonia twelve 


years ago. Since that time he had com- 
plained of cough with expectoration. He 
fifteen 


There was no history of hemop- 


had been dyspneic for the past 
months. 
tysis, night sweats, or loss of weight. 
Physical examination showed: weight 210 
pounds, standard weight 176 pounds; tem- 
perature 98.6°F.; blood 118/86; 
108; respiration 28. Hearing was 
markedly diminished. 


pressure 
pulse 
He had a chest ex- 
pansion of 14 inches. 

The lungs showed persistent crepitant 
riles with dulness at the left apex; rdles 
at the Breath 


resonance were diminished. 


right base. sounds and 


X-ray examination of the lungs showed 


large, apparently tuberculofibrotic areas 
in the right and left upper lobes with smal- 
ler areas of increased density in the bases. 


(See Fig. 9. 


Urine was negative. Wassermann test 
Was negative. Specimen of sputum was 


not obtained. 

Cast 2.—This man, white, aged 62 years, 
had driller and 
blaster in Pennsylvania and New York City 


a widower, been a rock 


for thirty years. His past history was 


negative except for pneumonia. He com- 
plained of cough of ten years’ duration with 
grayish expectoration. During the past 
three years he had been dyspneic and within 
the past year complained of fatigue and loss 
of strength. No hemoptysis, night sweats, 
or loss of weight were reported. 

Physical examination showed: weight 
146 pounds, standard weight 155 pounds; 


temperature 98.6°F.; blood pressure 180/104; 


pulse 100; respiration 24. There was 
markedly diminished hearing. He had 


partial nasal obstruction, and pharyngitis. 
He had a chest expansion of 1 inch. 

The lungs showed diminished resonance 
breath 


and and 


Broncho- 


sounds, with moist 


crepitant rales throughout. 
vesicular breathing was apparent at the 
apexes anteriorly. 

X-ray examination of the lungs showed 
a diffuse mottled appearance throughout 
both lungs with areas of increased density 
in the left lowerlobe. The heart was hy per- 
t rophied. 
albumin. Wassermann 


[ Trine showed 


test was negative. 
in two specimens. 


Sputum was negative 


Both of these cases illustrate the 
absence of many of the classic symp- 
toms of tuberculosis which character- 
izes the combined condition of tubercy- 
losis plus silicosis. 

There was one case in which the 
X-ray appearances very 
strongly either a neoplasm or a very 
unusual manifestation of tuberculosis. 
A résumé is given below: 


suggested 


Case 3.—This colored, aged 40 
years, married, had been a rock driller for 


twenty years. 


man, 


He gave a history of bron- 
chitis, pleurisy, and pneumonia in 1921, 
had troubled 
cough, dyspnea, and pain in the chest after 
breathing dust. During the last 


Since then he been with 


two to 


three years he had noticed fatigue, loss o! 


strength, night sweats, and hemoptysis. 


He had lost 30 pounds in the past five 
months. 

Physical examination showed a large, 
well-built man above the standard weight 
for his height. His temperature was 99°F. 
He was moderately dyspneic. He had a 
chest expansion of 1 inch. 

Examination of the lungs showed dimin- 
ished breath sounds of a bronchovesicular 
character, diminished resonance, and 
sonorous rales throughout. 

X-ray of the lungs showed a large cir- 
cumscribed area of increased density in th 
right lower lobe with smaller areas in the 
left lung, the uninvolved portions of both 


lungs being apparently normal. 


The case is interesting because of 
the possible réle played by silica dust 
as an irritant and as an etiologic fac- 
tor in the production of a lung neo- 
plasm. 

In the entire group there were thir- 
teen cases showing, on physical exam!- 
lung conditions 


nation, pathologic 


other than silicosis and tuberculosis. 


Nine were cases of emphysema, one 0! 
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ochial asthma, and three of chronie In) eighteen Cases altogether, or 9 per 


cent. of the total number, but in only 








ave. hhsicd beer Pe | 


The past history Was negvatl bisa ae complaimts 


lexamination of the lungs was essentinily negative 
Original film shows hazy appearance fields which it 4 


mposstible 1a reproduce 


- : three (>| these Wiis Sl 
Lahorato;) i] inding: : 
| mnarked degree, 

Blood Wassermiainn tests were made 


showed albuminuria 


trie acid ring test in ten cases, specimens 


of the hegative Zroup and laboratories 


| partment Of Hlealth. aleohol- 


MICOTICG BrOUDP, biaking antigen 


Chntv-seven, or BK per cent. oO] t hye negarive Two were doubt- 
reserion, 


] | 
revealed glycosuria 
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This) gives an ineidenece of definite few eases the clouding was. f. 
syphilis in twelve out of T4S8 cases, or evenly distributed over the entire } 


S per cent. of those examined, lung, giving a generally hazy app 





cs 
i 

lies » / (life CO This Mth) Was ob vent ld lle hal been ans 
eavator for two verrs. Tis past histor vas negative snd he had no complaint 
relating to the respiratory tract Physical examination of the lungs was negativ' 


Note the increased prominence of the trunk shadows and linear markings 


— 


‘oon lenenrniie ance With sometimes an accentuat 
of haziness at the base. A (vp 
In regard to X-ray appearances, the example of ante-primary. silicosis 
YrOUpD showing CNTC-pPPrilnnlary changes rive;#»n if igure 
was differentiated and charaeterized \Iany of the first stage cases sho 
by the slight inerense in density which oan increase in hilum shadows, t1 
Has already Lyon 1) deseribed This shadows, and linent Inarkings dist 
Lisi ziness Wiis frequently SCC Th the uted more or legs uniformly thro 
right ling only. \s a rule it oceurred (tlt ly thy lungs In others 
lt) “bout the middle ()] the lung field. changes were limited ho one ling. 


SOMETIMES IN the lowe) DOrtLION, non ally thie right. and were SoOmecbimgees 


— 
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ated at the right base. In a inereased fibrosis ealled forth by the 
er of eases the cloudy appearance = inhalation of dust containing silica. 


ante-primary stage was clearly Figure 5 shows a ease in which the 


: 
ere 


2g 





wi 


lic. 6. —-Second stage silico secarly This man was 50 vears old lle had been a 
‘k driller and blaster for twenty vears in New York (City. He ‘gave a history, Ol 
thmaand pneumonia. He complained of shortness of breath. Physical examina- 


of the lungs showed marked emphysema 
Note the finely mottled appearance throughout both lungs 


e alone with the first stag trunk shadows and linear markings of 
ves. In two instanees there was the first stage are particularly well 
ig of the diaphragm at the right defined. 
lue to adhesions. Several cases mong the cases with second stage 
doa visible interlobar septum. changes, both the finer and the coarser 
in appearance is often due to varieties of mottling were found lig- 


sy, but in these eases it was be- ure 6 illustrates an early and Figure 7 


L to be a part of the yenerally a later second stage case. In one or 
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two cases the second stage changes ap- prominent with areas of) fibrosis 
peared to be developing on the ante- veloping in) the bases. Two. ¢: 





MiG. 7 Second slag co advanced This man was 39 vears old te his 
been a roek driller lor tive veurs nicl a blaster bor fifteen VCars In) New York C'it 
Ili: Pest history Was negative ae complarmed (>| eough ania shortness ot breath 
Physical examination of the lungs showed diminished breath sounds posterior! 
With dimunished resonance at the right base 

Note the diffiise coarse mottling throughout both lungs Phe fibrotie nodules at 


lnrger than those shownon figure 6 


primary stage Without an intervening showed a generalized. fibrosis Vy} 


first stage third stage change with the deve 
Lrens Of Tiaissive fibrosis, illustrated ment of peripheral fans lh foul 
in Figures S and 9 characterized the stances there was marked tenting 
HLJOrIEN (>} thirc Stage Couses Thes the diaphragm, 
areas oecurred fon the most part in seven Cases showed the develop 
the middle fields anid bsses, though 11) Oo} Q) cliffuse fHbrosis type ot the 
one ense there was a well-defined miss Stage, apparently Without the nu 
in othe. lett LPN In two. ens t hie vention of a second Stage, lusts 


second stsypee mottline Wiis sl || ver a pours 1(), at SOME Casts 
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mited to 
lved both. 


changes of 


Third 


the ante-primary 
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one lung: in others 


In three the charne- 


i 


ag Se 
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Ante-primary (rroup: 


The ante-primary 
changes was the youngest of the three 


eroup showing 


Se be 


La eS 


Fs : 
rm ? 


Seite i 


s slagd silicosi: hid) ¢ rid hice a} Liabye reulos his bad) Weis bo VOC ru] 

He had been a roek driller and blaster in New York City for twenty-three 

I's [lis past history Was negative except for pnHeumontba, lle complaimed Ons 
pain in the chest. Physieal examination of the lungs showed dulness with bron- 


vesicular breathing at the angle of the right seapula posterior, 


Note the large areas 
ldle of both lung fields 


Ol MASSIVE 


were present together with this 


al haziness and in four there were 


he appearances of the first stage 


Supa i] of (FPO ps 


‘onelusion it may be well to sum 


e salient faets in regard to the 


groups showing silicosis in its 
~ staves, in order to 


presen 9 
picture of the disease as found It) 


Lidl 


fibrosis extending toward the periphery i 


the 


sHlieotie YPrOUpS and ss tl whole had head 


i shorter exposure. Tt was composed 


ot about the sume proportion of drill- 


Crs, blasters, and CNCOVOALOrS the 


first Stage group, but more of its mem- 


ius 
bers had been limited in type of work 
to open excavating than had the mem- 
bers of the more advanced PrOUps 
There was nothing in either the Past 
histories or the presen complaints ()] 


the men with ante-primary silicosis to 
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lung disease, nor was. there 


Suggest 


inv apparent restriction of lung expan- 





| ce ‘) /') (/ hate ico j . / Aeeigd 
eivernon page oe (Case | 


/ j j j 
(lied / 4 hahbercule 
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sent the beginning of a process wo ¢ ; 


What =|) : 


will continue to progress. 


This ense history 


Note the prominence of second stage mottling with areas of inereased densit: 


showing development of third stage 
VEeStTIVE i>] tubereulo 


The 


only lung finding reported more often 


SIO OF demonstrable dyvspnen, 


for this Proup than for the non-silicotie 
eroup Was high-pitched breath sounds, 
the diagnostic significance of whieh in 
the absence of other signs or symptoms 
dis- 


ability Is eoneerned, this Stave Ot sili- 


is shieht Practically, as far as 


COSIS IS Un portant. [ts significance 
Hist he eonsidered 1) depend ()T) the 


extent to which these changes repre- 


Lreaoin the lett lbpper lobe is 
Slight tenting of the dinphragm In seen on the right. 


strongly Sle 


rate olf progression may be is 
known, because cLS vel hh such 0} 
has been followed 


over a period 


VOCs 


First Stage Group: 
The 


showed radiographic evidence ot 


group of men whose I 
stage silicosis were, on the whole, o 
and had been exposed to rock 


longer than the men in the prece 
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:; This group had practically the Dyspnea as a complaint, however, 
proportion of excavators as the began to appear more prominently in 





4 5 1908 








big. 10.) Diffuse fibrosis type o co This man, a negro, was 44 vears old 
had been a rock driller in and about New York City for twenty-five vears. [hi 
t history was negative except for influenza. Tle complained of pain in the chest 
sical examination of the lunes showed high-pitched, bronchovesicular breath 


nals 


an 
Note the pronounced haziness over both lungs, somewhat more marked in the 


? 


lit, and denser AT both bases 


ling group, with relatively fewer this group than it had in the non- 


rsand more blasters. A slightly — silicotie and ante-primary groups, and 
proportion of the men in the there were more complaints oft fatigue 
lage group had worked ex- and loss of strength, though the actual 
cly in New York City and had numbers involved were very small. 
work underground, 7.e., tunne!| hysical eXamination of the men 
uection and “eut and cover’ — with first stage silicosis showed slightly 
than in the group with ante- more men with a chest expansion of 
ry silicosis. There was noth- less than 2 inches than were found in 


vrificant in their past history. the ante-primary group. Physics] 
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signs in the lungs were not conelusive. 


Prolonged expiration was reported 
somewhat more frequently than it had 
been in the preceding group but was 
present in less than a fifth of the cases 
and there were as many proportion- 
ately in this group with ro signs in 
the lungs as there were in the group 


showing no silieosis. 


Second and Third Stage Group: 

The most advanced silicotic group, 
it will be remembered, ineluded fifteen 
men with seeond stage changes, ten 
men with fully developed third stage 
silicosis, and seven men with silicosis 
progressing to the third stage without 


What 


In this study were found to be the 


the Interyvening second stave, 


fnectors lending to the production oft 


third changes? 


There Wits, In the first place, the feetor 


second and stave 


()] length Ol CXNPOsure, Only one ot 
the menin the second ard third stage 
VrOUp) Head been expose less then Len 
Vears and three-quarters of them hed 
been exposed) twenty vears and over 
Ynd there was, equally portant, thre 
Paector or type ol excavation work. \ || 
but tour dad enengved IT) underground 
work of some sort, the [Vpe most fre- 
quently reported being tunnel work. 
In occupational COMPOSIELON this YrOUP 


havc drillers 


ewer CNCHVEALOrS 


more and blasters ana 


than the other 
YrOUpPS 
lcighteen out of the thirty-two men 


lisa 
York ¢ ty, the 


advanced 
New 


SHrne Proaporl lOon) gis occurred IT) the first 


11) the HOST 


erOUp 


worked only 11) 


Shao YrOUP brit a larger (OTe than Wis 


found in the ante-primary 


YPOUPD 
Second and third Stave SITCOSIS 1T) this 
essocinted with 


study was frequently 
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a past history of pneumonia 2 


a lesser extent, of pleurisy. Mig 7 
one-quarter of the men in the ses 
reported no symptoms although | . 

them had third stage changes. 4 if 
most half of them complained of ” 
ness of breath and expectoration yy: | 

mentioned by a higher proportion sal 
had made this complaint in any a 
other YTOUpS. Real distress, how (2 
Wasapparent in only three or four. [ a 
tigue, loss of appetite, loss of strenet] th 
and loss of weight were mention Hy 
two or three men each. (‘oug! t 
pain in the chest did not oceuw " 
more frequently in the seeond 

third stage group than in the « ) 
eroups. It is not surprising, howe c 
that more disability was not app: ¢ 

in the second and third stage G 
These were men still able to wo di 
-pite of their silicosis. The men d | 
ebled from it would Pat be eXpec! oY. 
toappenr ina group reeruited more 0: 
LOSS directly from the job. ra 


The 


stave ore tp were CONSPICUOUS! \ 


Pied 11) the second and 


nourished. Chest expansion it 


PPOUP as a Whole was Jess than 


other groups though three men 


third stage changes head an exp: 


as great as 3 inches. The lung 


Ings which were reported) more 


abnong these men than abons 


others were rales, diminished 


nance, apa diminished breath 
Ln) One-qQuarver ot these 


third 


SCCOT! 


stage eases, however, 1 
lung findings Were reported, 

eraphie evidence of tuberceulo 
sions, ineluding both those cons 
aetive and those considered) pr 
healed, Was Seen APPLrONIMAtEL 


Pires 


tis frequently “tnong tt! 
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with second and third stage silicosis 
as among the men in any of the other 
groups. 

This last silicotie group is most sig- 
nificant from the point of view not so 
| mueh of actual disability, which was 
not great among these men still on the 
job, as of the probable future develop- 
ment of these cases. Mavrogordato 
(3) found that on the Witwatersrand 
secondary silicosis (corresponding to 
third stage here) was nearly always a 
tubereulo-silicosis and that postmor- 
tem all the fatal cases disclosed pul- 
monary tuberculosis. He also found 
that silicosis in the stage correspond- 
ng to the second stage in this study 
showed a tendency to progress to third 
stage silicosis and to death from silico- 
sis even after removal from exposure to 
In one group of cases, showing 
changes corresponding to the early 
second stage in this study, at the end 
of four years after removal from dust 
exposure he found that 5.9 per cent. 


had progressed to third stage silicosis 


5 | 
lat 
GQUSU. 


and 5.6 per cent. had died of silicosis. 
in another group of cases showing 
changes corresponding to late second 
stage silicosis in this study, at the end 
of six years after removal from further 
exposure, 25.5 per cent. had progressed 
to third stage silicosis and 25.5 per 
cent. had died of silicosis. 
this 


would be duplicated in other groups 


Whether or not experience 
nere silicosis had been acquired under 
‘ner conditions cannot be said but 
ere Is at least the possibility that it 
ght and, until the contrary has been 
oved, this gives added reason for 
ous attention to the prevention of 


Ulsease., 





SUMMARY 


A study was made of 208 rock drill- 
ers, blasters, and excavators in New 
York City for the purpose of determin- 
ing the incidence of silicosis among 
them. 

Silicosis was found to be present in 
118, or 57 per cent. of the men ex- 
amined. 

Twenty-three per cent. of the men 
examined showed radiographic evi- 
dence of ante-primary silicosis; 19 per 
cent. of first stage silicosis; 7 per cent. 
of second stage silicosis; and 8 per cent. 
of third stage silicosis. 

Blasters, rock drillers, and excava- 
tors were affected by the disease in 
frequency and in severity in the order 
named. 

Second and third stage silicosis oc- 
curred four times as frequently among 
those who had underground 
work, as among those who had done 
only open excavating. 

The incidence of silicosis among men 
who had worked only in New York 
City was slightly higher than among 
those who had worked elsewhere as 
well. 


done 


Ante-primary silicosis was found to 
be present in conspicuous proportions 
after five years’ exposure to rock dust; 
first stage silicosis after ten years’ ex- 
posure; and second and third stage 
silicosis after twenty years’ exposure. 

Second and third stage silicosis was 
associated to a noticeable degree with 
a past history of pleurisy and pneu- 
monia. 

Dyspnea and expectoration were the 
only symptoms found to be signifi- 


cantly associated with the disease in 
this study. 
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Lung signs were in general inconclu- 
sive, although rales and diminished 
resonance and breath sounds were found 
most frequently among those showing 
silicosis in the second and third stages. 

Tuberculous lesions revealed by 
roentgen examination, including both 
those considered active and those be- 
lieved to be probably healed, occurred 
in nineteen cases, or 9 per cent. of the 
total number. 

The incidence of all tuberculous le- 
sions was approximately three times 
as high in the group of cases showing 


second and third stage silicosis as jp 
any of the other groups. 


CONCLUSION 
Silicosis constitutes a serious health 


hazard to rock drillers, blasters, and 
excavators in New York City. 


The author wishes to express her gratj- 
tude to all who assisted in this study, 
especially to Dr. Henry K. Pancoast who 
interpreted the chest roentgenograms and 
also to Dr. Jacob A. Goldberg of the New 
York Tuberculosis and Health Association 
through whose energy material for the study 
was secured. 
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Ill. ASTUDY OF SILICA DUST IN HARD ROCK DRILLING IN 
NEW YORK CITY 
J. WILLIAM FEHNEL, B.Sc. 
Chief Chemist, Laboratory of Industrial Hygiene 


of the Industrial Health Service, Metropolitan Life 
Insurance Company, New York City 


N co-operation with the Depart- 
ment of Industrial Hygiene of the 
College of Physicians and Surgeons 

of Columbia University and the New 
York Tuberculosis and Health Asso- 
ciation, the Industrial Health Service 
of the Metropolitan Life Insurance 
ompany undertook during the sum- 
mer of 1928 a study of the rock dusts 
to which are exposed rock drillers and 
other hard rock workers engaged in 
excavation and subway construction 
in the Borough of Manhattan, New 
York City. This study was conducted 
by the Laboratory of Industrial Hy- 
giene of the Metropolitan Life Insur- 
ance Company through field obser- 
tions and subsequent laboratory 
determinations. The clinical studies of 
ck workers were made in the Vander- 
Clinie and are reported upon in 
preceding section. 


re 


‘he essential process in the work 


Y 


ler consideration consists in drill- 


ee 


ing holes in rock with pneumatic drills, 
then placing dynamite in these holes 
and blasting the rock away. ‘Two 
types of drills are used, the jack ham- 
mer and the water Leyner. 

The jack hammer is a relatively 
small pneumatic drill, operated under 
an air pressure of 75 to 100 pounds. 
The drill steel is hollow, the air cur- 
rent passing through the shaft of the 
drill. This keeps the drill hole clean, 
by blowing the dust and rock particles 
out of the hole. As the drill operator 
stands leaning over the drill, the rock 
dust is blown into his face continually 
as he works. At intervals the operator 
“blows” the hole, by putting the full 
force of the air pressure through the 
hollow drill in order to clean out any 
accumulated powdered rock from the 
bottom of the hole. This process en- 
velopes him in a cloud of dust. 

The jack hammer is used almost 
entirely in drilling vertical (down) 
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holes and is a very efficient machine, 
drilling from 70 to 100 lineal feet in 
an eight-hour shift. There is a water 
jack hammer which uses water through 
the drill steel instead of air, but it is 
not much used. 

The water Leyner is much heavier 
than the jack hammer, has to be rigidly 
supported upon a vertical post, re- 
quires two men to set it up, and is used 
mostly for drilling horizontal holes. 


Mertruops or Arr SAMPLING AND 
ANALYSIS 


Samples of air were taken at the 
breathing levels of the drillers and 
as close to them as possible while they 
were engaged in the various operations, 
such as using jack hammers or water 
Leyners, and “mucking” (shoveling 
and wheeling loose rock and dirt). The 
Greenburg-Smith impinger (1) was 
used, actuated by suction obtained 
with a No. 1 Hancock ejector, operated 
by compressed air from the air lines 
used to operate the drills. 

A flowmeter was used to measure 
the volume of air sample taken, usually 
from 50 to 100 ecubie feet. Sampling 
was done at the rate of about 1 cubic 
foot per minute. The impinger was 
selected because of the simplicity of 
its operation and its accuracy in both 
high and low concentrations, as shown 
by Greenburg and his colleagues (1) (2). 

The samples were collected in clean 
pyrex assay flasks under a 50 per cent. 
alcohol in water solution. The alco- 
hol was used to prevent the fine dust 
particles from going into a colloidal 
solution. The flasks were stoppered 
with cleaned rubber stoppers. Sam- 


ples of dust in suspension (in the aleo- 


hol-water mixture) in these flasks were 


transported to the laboratory and 
counts of the dust particles were made 
within twenty-four hours after taking 
the samples. When brought to the 
laboratory, the stopper was removed 
and carefully washed off into the flask. 
The contents of the flask were then 
filtered through a 250-mesh copper 
screen into a clean 500-e.c. graduated 
flask, so that only particles smaller 
than 100 microns in diameter were 
allowed to pass through. If the dust 
suspension was too dense, a further 
dilution was made. The contents in 
the graduated flask were thoroughly 
agitated, in order to obtain a uniform 
mixture, and two 1-c.c. portions were 
removed to Sedgewick-Rafter count- 
ing cells. After these had been al- 
lowed to settle for twenty minutes, 
five counts were made on each cell, 
one on each corner and one in the 
center. The lens combination was 
one which gave a magnification of 
from 85 to 110 diameters. A correc- 
tion was applied for the control analy- 
sis, which consisted in deducting from 
the sample count the number of par- 
ticles found in the control, including 
the number of particles present on the 
microscope lens. All particles over 
and under 10 microns in size and 
down to the limit of visibility were 
counted. <A weight analysis was made 
by evaporating the remainder of th 
sample in the graduated flask to dry- 
ness in platinum and igniting to get 
rid of organic matter. 

Variations in duplicate samples wer 
encountered owing to air currents and 
rate of working of the drills. 

Samples of pulverized rock wer 
taken from the drill holes and analyzed 
for total and for free silica. ‘he 











nd 
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methods employed were those de- 
scribed by Hillebrand (3), Mellor (4), 
and Selvig (5). 

In the ease of free silica determina- 
‘ions, the undecomposed matter was 


appear to be responsible, in large part, 
for variations in the physiologic re- 
actions from inhaled particulate 
matter.” 

Heffernan and Green (7) quote 
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SIZE OF DUST PARTICLES IN MICRONS 
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PERCENT FREQUENCY OF DUST PARTICLES 


Fic. 1.—Particle size of dust in air sampled at 29th Street and 7th Avenue. 


calculated as muscovite rather than 
as feldspar, as a microscopic examina- 
tion of the rock samples showed this 
mineral to be in much greater concen- 
tration than orthoclase or other feld- 
spars. The rock drilled at the loca- 
tions sampled was of two varieties, a 
eneiss high in quartz and biotite, and a 
schist high in muscovite and biotite. 
Neither rock contained much feldspar. 


Measurements of Particle Size 


Drinker (6) states that “In general 
problems of pneumonokoniosis, it is 
probable that the surface area of the 
particles is the most important dimen- 

n. It is mainly this dimension 
which accounts for variations in sol- 
iility and phagocytosis in any partic- 
ular substance, and these factors 


various articles to show that no 
particles exceeding 10 microns in 
greatest diameter enter the pulmon- 
ary tissue, and in their summary 
state that “Pulmonary silicosis is 
probably caused by the colloidal 
action of hydrated silica, formed from 
minute particles of silica dust dis- 
seminated through the pulmonary 
tissue.’’ 

Measurements of the particles in 
the dust collected from the air, as de- 
scribed above, were made by meansof a 
microscope with an oil immersion ob- 
jective and an eyepiece equipped with 
In plotting the 
size-frequency relations on Hazen’s 


a, filar micrometer. 


logarithmic probability paper, as in 
this case, the logarithms of the func- 


tion measured, in microns, are plotted 
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as ordinates, and the probability of 
occurrence as abscissas (see Figs. 1, 
2, and 3). 





were excavations for buildings and 
two were in subway construction; a]! 
lying in Manhattan between First 
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PERCENT FREQUENCY OF DUST PARTICLES 


Fic. 2.—Particle size of dust in air sampled at mucking oper- 
ation in subway construction work on 53rd Street. 
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PERCENT FREQUENCY OF DUST PARTICLES 


Fic. 3.—Particle size of dust in air sampled at heading in 
subway construction work at 176th Street and Broadway. 


Locations Where Air Samples W ere 
Taken 


Thirty air samples were taken at a 


total of eight locations, of which six 


Avenue and Eighth Avenue, and be- 
tween 29th Street and 176th Street. 
The locations and type of work were as 


follows: 





Wi 
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4. 299th Street and Seventh Avenue.— 
This was a building foundation job, 
and, at the time of sampling, work had 
progressed to a depth of about 20 feet. 
This lot had a frontage of 75 feet on 
Seventh Avenue and a depth of 50 
feet and was flanked on three sides by 
buildings. 

Six air samples (nos. 1 to 6, inclu- 
sive) were taken alongside of the opera- 
‘rors and at the breathing level. The 
weather was clear and a good wind 
was blowing. 

B. 38th Street at First Avenue.— 
This building excavation operation 
covered a city block, fronting on First 
\venue and extending from 38th 
street to 39th Street and for a depth 
nalf the block between First and Sec- 
ond Avenues. (Samples 7, 8, and 9.) 
The weather was cloudy during the 
time that these samples were taken. 

C. 43rd Street between Second and 
Third Avenues.—This building founda- 
tion operation had a frontage of 50 
feet on both 48rd and 44th Streets and 
a depth of 200 feet. On either side it 
was flanked by tall buildings. This 
operation was on part of a hard rock 
ledge lying between 38th and 46th 
streets, 

One sample (no. 10) of air at a line 
drilling operation along the west wall 
was taken on a cloudy day. 

D. 45th Street between Second and 
Third Avenues.—This was a lot with 
8 frontage of 127 feet on 45th Street, 
and extending back 200 feet to 44th 
treet, with a frontage there of 30 
leet. Two samples (nos. 11 and 12) 
were taken at this location. Weather 
cloudy. 


~ 


“> 


antl 


ry 


L. 34th Street and Eighth Avenue.— 
‘his operation fronted on the block on 
LY: ‘ . 
Lighth Avenue between 34th Street 


and 35th Street and extended halfway 
down the block toward Ninth Avenue. 
Air samples 13 to 16, inclusive, were 
taken here on a clear day. 

F. 60th Street and Columbus Avenue. 
—This was a building excavation 
operation, with a frontage of 75 feet on 
60th Street and a depth of 100 feet. 
Five air samples (nos. 17 to 21) were 
taken here on a clear day. 

G. 176th Street and Broadway.—A 
shaft of part of the Eighth Avenue 
subway construction work was located 
here. Excavation was being made to 
provide an underground car barn and 
some air samples were obtained here of 
open cut operations at a depth of 
approximately 40 feet. Air samples 
were also taken of air at the “‘heading”’ 
and alongside of mucking operations. 
(Samples 22 to 26.) The samples were 
taken on rainy days. 

H. 53rd Street and Second Avenue.— 
Here was located a shaft for the 53rd 
Street subway operations connecting 
the new Eighth Avenue subway with 
Long Island City. The shaft extended 
to a depth of 75 feet and a heading was 
pushed forward toward Eighth Avenue 
on a 12 per cent. grade. (Samples 
27 to 30.) These air samples were 
taken on a cloudy day. 


RESULTS OF ANALYSES 


The results obtained in weighing 
dust samples, counting the particles, 
and making analyses of free and total 


silica are shown in Tablel. Samples 


7, 8, and 9 were taken while the 
operator was drilling in the surface 
layer of Manhattan schist, composed 
chiefly of biotite and feldspar. Per- 
centage frequency of dust particles is 
shown in Figures 1, 2, and 3. 

From 95 to 99 per cent. of the silica 
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TABLE 


NO. 


SAMPI E 


~] 


LO 


i] 


LS 
16 


LOCATION 


A. 29th Si. at 7th Ave.: 
N. W. corner 


building line 
Same as no. 1. 
Same as no.: 
Along west wall. 
Along west wall... 


Jack hammer opera- 


tor: S. E. corner at 


Jack hammer opera- 
alongside 
Midway between 
drillers in center of 
lot (see Fig. 4) 
‘3rd St. between 2nd 
and 8rd Aves.: 


West wall, line dril- 


and 3rd Aves.: 


Along west wall, line 





Center of lot 
34th St. and Sth 


Center of operation. 


building wall 


Pit along west wall 
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microns in diameter. It is evident that th, 
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comparison with similar studies — grinding shop with good exhaust sys- 
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Column TIL of Table 1, tabulating 
the number of dust particles, under LO 
microns, per cubie meter of air, reveals 
a very considerable difference in the 
counts obtained. This difference is 
due primarily to the facet that most ot 
these sm ples were taken in the Open 
air, thus being influenced by the con- 
stunt changes in the direetion and the 
foree of air currents. A number of 
samples vielded a higher count than 
those obtained in the very hazardous 
occupation of sand blasting, as referred 
to above, while only three counts were 
lower than in the dry grinding shop. 
Qf these three samples, one, no. 28, 
was obtained by men operating a water 
Leyner, no. 29 was not obtained In) 
a drilling Operation, and no. 50 was a 
sample taken alongside of men shovel- 
Ing lt is obvious that all these sam- 


ples reve! a1} pollution tog dangerous 


extent, the only difference being one of 


degree. “The harmfulness of silica dust 
Is dependent on the proportion of small 
particles and, it is generally rssumed, 
on the percentage of free siliea whieh 


In the Joplin, Mo., 


distriet the amount of tree silies 1) the 


the dust contains. 


dust is 90 per cent. Or mores im the 
Broken Phill distriet of Australian free 
silien averages about 15 per cent.; 
and in the Butte, Mont., distriet the 
free silica in the dust varies from 50 to 
O60 per cent. 

Figures 1, 2. and 3, reveal that 62. 
7S, and 9S per cent., respectively, of 
the dust particles in three typieal sam- 
ples, sereened to LOO mierons. were 
under 5 microns in size, while nearly 


all the particles Were under lO murerons 


which are expressed In cubsre leet, into euban 
meters and a sming that the (creenburge- 
Smith impinger is three times as eflicient 
iis the Palme Wate] Sprav apparatus Wwhiel 
these amvestigators used 


Granting that the free siliea 
tent is a reliable index of han 
ness, the results of the analyse 
shown in Table 1, indicate that, i; 
degree of harmfulness, the dust eay sod 
by drilling operations in New 
City would oecupy about a midway 
position between Broken Hill and Jip- 
lin, and would approximate the 
found in the Butte mines. It is 
dent, therefore, that men opers 
rock drills in New York City are 
posed toa dust that is highly dangerous 
both from its high siliea content. 
or total, and from the excessive nu 
ber of particles present under 10 
cCrons In size. 

The other columns of Table 1 di 
the weight of dust and the weight 
free and combined siliea in the various 
samples and are informative wily 
studied in comparison with the an 
sis of drilled roek in the last column 

\Iavrogordato (10), on the basi 
the extensive dust control experie! 
In South African mines, states 
when the mine dust had been redu 
to Oo meg. per ecubie meter, a great 
provement in the ineidence of sili 
was observed. He points OU, 
ever, that cases of silicosis are 
occurring among men exposed 
concentration of about 2 mg. per § 
meter. On the basis of Mavi 
dato’s statement, column IV in | 
| is illuminating; only one sample 
12, taken in the center of a lot, 
below 5 mg. per cubie meter and 
of the samples, even those taken 2 
side of men operating Leyner ¢ 
run very much higher. even 
weights of free siliea, eolumn V,— 

Ll, in the samples obtained at d 
operations, approximate or excee 


tentative standard ot \MIavrogo! 


elven above. 
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SUMMARY 


Air samples of dust produced by 
rock drilling incident to building exca- 
vation and subway construction work 
were taken at eight locations in the cen- 
‘ral portion of New York City. 

Analyses indicating the numbers of 
dust particles from 10 microns to the 
limit of visibility under the micro- 
scope, and chemical determination of 
the total and the free silica content of 
the rock dusts, were made according to 
accepted standard methods. 

The free silica contents of the rock 


dusts were relatively high; the total 
dust particle counts, while varying, 
were large, and the smaller particles, 
those under 5 microns, predominated. 


CONCLUSION 


Rock drillers in New York City are 
exposed to dust which, both in silica 
content and in number and size of 
particles, is dangerous to health. 
Abundant evidence, obtained in nu- 
merous investigations over the world, 
has demonstrated such dust to be the 
cause of silicosis and tuberculosis. 
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IV. CONCLUSIONS 


HK findings reported in the pre- 

ceding pages indicate that the 

hazards to which the workers 
are exposed are the result of exposure 
to silica rock dust in a concentrated 
form over an extended period of time. 


1 
A 
) 
- 





Furthermore, excavation in the sili- 
cious rock of Manhattan the 
Bronx, with the inevitable construc- 
tion of new subways, tunnels, and tall 
buildings, seems destined to increase 
in unprecedented degree. Contracts 


and 
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have recently been let for the construc- 
tion, at a depth of 500 feet, of a water 
tunnel 20 miles in length, on which over 
5,000 men will be employed during a 
period of six years, at a cost of 
$42,000,000. The necessity of safe- 
guarding the lives of these men must 
be recognized before it is too late. 
The reduction to the greatest possible 
extent of the rock dust concentra- 
tion and the shielding of the workers 
from inhaling the dust are two essen- 
tials. 

l’ace masks of various kinds have in 
the past been recommended and given 
some trials, but they have been found 
unsatisfactory by the men for the type 
of work in which rock drillers and 
Other measures 
which have been recommended, some 
of which are being tried out, include 
(a) the prohibition by law of all dry 
drilling, making it compulsory for em- 
ployers to diseard the present dry jack 
hammer and supply the rock drillers 
with jack hammers having water sup- 
ply attachments; (6) installation of 
dust and sludge collectors or attach- 
ments to drilling machines; (c) ade- 
quate ventilation in tunnel work; and 
(d) proper spacing of drillers so as to 
reduce the dust concentration in given 


areas. 


blasters are engaged. 


As already indicated in this study, 
the substitution of wet drilling for dry 
drilling will not suffice to eliminate 
entirely the hazard of silicosis although 
it has been considered sufficiently im- 
portant by authorities in other parts 
of the world to have been made com- 
pulsory. There is also some question 
as to the practicability of the wet 
drill in open cuts and excavations in 
times of freezing temperature. Dust 
collectors of various types have also 


been recommended and tried out, by; 
such contrivances for trapping dust at 
the source have yet to prove theiy 
practicability under working condi- 
tions. The United States Patent 
Office reports that twenty-seven pat- 
ents for dust and sludge collectors haye 
already been issued. Wherever ap- 
plicable, ventilation is the most im- 
portant single measure for reducing 
dustiness. In view of the recognition 
of the fact that no one measure as yet 
known will adequately remove the haz- 
ard, it will undoubtedly be necessary 
to use all means thus far known to 
help in the reduction of the dust con- 
centration. 

Other measures which are of the 
utmost importance relate to the grant- 
ing of compensation for silicosis. The 
recognition of this condition as an 
occupational disease under the Work- 
men’s Compensation Law will do much 
toward early recognition of the con- 
dition and improvement in. th 
methods of combating the disease. 
It is generally realized, however, thai 
compensation for the occupational dis- 
ease silicosis is more complicated than 
that for most other diseases on accoun! 
of the prolonged latency and chronic- 
ity of the complaint. The diagnosis of 
silicosis of the lungs requires more skill 
and training in pulmonary diseases 
than is possessed by the average practi- 
tioner of medicine. Standards of diag- 
nosis, proper classifications of degrees 
of injury, and other related matters are 
stillto beestablished. Until these mat- 
ters are fully studied out, there will be 
many difficulties in the way of ade- 
quately administering an occupational 


disease law which adds silicosis to the 


list of diseases for which compensation 
shall be granted. 


J. I. H. 
Feb., 1929 
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These defects and difficulties, how- 
oyer, should not stand in the way of 
«ome positive action. It would be 
most advisable for all interested 
croups, including the workers, the em- 
ployers, the organizations which have 
ondueted this study, the Bureau of 


Industrial Hygiene of the New York 
State Department of Labor, the 
American Association for Labor Legis- 
lation, and others having a vital in- 
terest in the subject, to take early ac- 
tion in order to frame the necessary 
legislation dealing with this problem. 


V. RECOMMENDATIONS 


|. Rock drilling, blasting, and ex- 
eavating in New York City constitute 
, serious hazard to the health of the 
workers, owing to the constant expo- 
sure to silica dust, resulting in silicosis 
and tuberculosis. Remedial measures 
are urgently needed. 

2. Efforts must be made imme- 
diately to improve markedly, by con- 
trolling the dust concentration, the 
conditions under which the men em- 


ployed in these occupations are com- 
pelled to work. 


3. Compensation should be granted 
by law for disability due to silicosis. 
John J. Collins 
Haven Emerson, M.D. 
Leonard Greenburg, Ph.D. 
Harry L. Hopkins 
A. J. Lanza, M.D. 
Robert 8. McBirney, M.D. 
Philip 8. Platt, Ph.D. 
A. Ross Smith, M.D. 
Jacob A. Goldberg, Ph.D, Secretary 








BOOK REVIEWS 


THe Human Factor 1n Inpustry. By 
E. P. Cathcart, C.B.E., M.D., F. R. S., 
Gardiner Professor of Chemical Physiol- 
ogy, University of Glasgow. Cloth. 
Pp. 114. London: Oxford University 
Press, 1928. 

Although this small volume hardly 
reaches the same pitch of excellence as 
“The Human Machine” by F. 8. 
Lee, yet, since ten years have elapsed 
that published, another 
effort to summarize information on the 
subject was due. Professor Cathcart 
uses nearly entirely the research work 
carried out by the Industrial Fatigue 
Research the 
The material 
was put together originally as lectures 
to engineering students, and is cer- 
tainly of value to works managers who 


since was 


Joard to illustrate 


points that he makes. 


cannot devote the time necessary to 
read and digest the scientific papers 
and reports in which the new knowl- 
edge has been presented. 

The best when 
dealing with the physiology of activity 


author is at his 
and of fatigue, and with the means by 
which activity may be improved and 
the onset of fatigue postponed. He 
the exerted by 
hours of labor when well adjusted to 
energy 


displays influences 


output, by fitting workers 
physically to their work, and by prac- 
tising good methods of applying force. 
He shows how output and also lost 
time due to sickness are affected by 
such environmental factors as ven- 
tilation, temperature, and lighting, or 
At times 
interest are 
introduced, but here the author is not 
on his native heath. 


by well-designed machines. 


matters of more social 


This book must be found useful by 
anyone desirous of acquainting him- 
self with the present position of 
knowledge with regard to industria] 
activity and fatigue.—EH. L. Collis 
FitNess FOR Work. By T. H. Pea; 

Professor of Psychology, Manchester 


Pp. 187. London: University of London 
Press, 1928. 


In this book are presented certain 
thoughts relative to the motives which 
are held to actuate persons in regard 
to their day’s work. Essentially the 
subject is approached from the psy- 
chologic aspect. Hence much 
cussion occurs about the exact mean- 
ing of words and less attention is given 
to acquired facts. A works manager, 
however, would rather be told the 
sequence of events which are asso- 
ciated with efficient work so that he 
may, by providing the necessary en- 
vironment, insure a maximum of out- 
put in return for the wages paid, than 
be informed that a worker acquires, 
from using his muscles, a pleasure which 
may be termed sensuous. Careful 
reading of this little book does not 
convince that from the realms of 
psychology can come much light and 
leading to industry, certainly not s0 
long as psychology deals with the 
abstract meaning of words rather than 


1; 
Cis- 


with any concrete series of observa- 


The chapter devote 
to laziness, with remarks on stupidity, 


tions and facts. 


has its appeal and originality, but gives 
no indication how tec enlighten 
stupidity of an operative or to ayold 


- 
. 


laziness in oneself.—H. L. Collis. 
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~» DERMATERGOSES OR OCCUPATIONAL 
AFFECTIONS OF THE SKIN. By R. Prosser 
White. Pp. 734. London, 1928. 


This work has now reached its third 
edition which is twice the size of the 
second. The author has assembled 
| for our use every reference to occupa- 
Tial ‘ional skin trouble discoverable in 
literature, so that at times it is almost 
_ difficult to see the forest for the trees. 
ter Every page bristles with facts; one 
result of which is an index of unusual 
size, since it is composed of 224 pages 
ain out of the total of 734. There is more 
ich cohesion and order in the assembling 
rd of facts than was apparent in the 
‘he earlier edition, and a commendable 
sy- effort is made to group the various 
1S- types of agents which cause skin 
N- trouble. 
en The author holds that, except for 
skin troubles as result from 
he veneral diseases, the personal factor 
0- or idiosynerasy plays a_ subsidiary 
ne part in causation, which is generaily 
n- determined by contact with some 
t- occupational hazard. Some idea may 
n be gathered of the way in which the 
s, author attempts to classify these 
hazards by pointing to three groups: 
U One contains agencies which remove 
i oils or grease from the skin, leaving it 
so dry that it may erack and allow 
| infection to oeceur from without; 
) another contains strong solutions 

which dehydrate the cells and so cause 

ue necrosis; while a third is com- 

| (1 of products of vegetable dis- 
, MALION, 
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T, such 


such as tars, which in time 


late growths, such as_ warts, 
ich may become malignant. The 
played by injury, whether phys- 
or chemical, in preparing the 


for external infection is stressed. 


A110 | 


lorm the infection takes may vary 





with the microbe concerned; hence the 
dermatitis resulting from the same 
agent may vary considerably. A 
point is made that moisture is prac- 
tically necessary in every case; dry 
dirt is not harmful until it is moist- 
ened. Water itself, especially if dis- 
tilled, is the most potent of all agen- 
cies in causing skin inflammation. 
Throughout, references are given 
fully, while an excellent series of 
original illustrations adds greatly to 
the value of the book.—E£. L. Collis. 


THE ScHooL AND THE WoRKING CHILD. 
Being a Study of the Administration of 
Certain Laws Pertaining to Children in 
Industry, by Fifty School Departments 
of Massachusetts. By Mary A. Clapp, 
Investigator, Massachusetts Child Labor 
Committee, and Mabel A. Strong, Co- 
author of Child Labor in Massachusetts; 
Executive Secretary, Massachusetts 
Child Labor Committee. Cloth. Pp. x, 
226 with index. Boston: Massachusetts 
Child Labor Committee, 1928. 

This book constitutes the report of 

a study of the application of the 

Massachusetts state laws pertaining 

to children in industry, carried on 

during 1927 by the authors under the 
auspices of the Massachusetts Child 

Labor Committee. Fifty different 

communities of varying size within the 

state were visited and sufficient infor- 
mation collected to allow an appraisal 
of the efficiency of enforcement of the 
various laws. The time spent in each 
community did not, however, justify 
an opinion as to the value of the 
laws themselves or their effect on the 
health and welfare of the children con- 
cerned, and the authors wisely refrain 
from a discussion of this subject, al- 
though expressing their own opinion 
that further legislation is not needed. 

The subject matter is well arranged 
and presented in such a manner as to 
be comprehensible to those unfamiliar 
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with the problem. One gains the im- 
pression that the investigators have 
been more than fair to the attendance 
officers, state inspectors, and physi- 
cians who are responsible for the 
administration of these laws, and 
they emphasize the difficulties which 
each encounters. The findings do 
show clearly, however, that the phys- 


ical examinations required before 


issuance of employment certificates 
as now conducted are very inadequate, 
and are in many instances simply a 
The authors also conclude that 
the school departments are lax in 
excusing children from school for 
home work without sufficient cause; 


farce. 


and that there is particular laxity jy 
the issuance of educational certi. 
icates. They also stress the impor. 
tance of the continuation schools jp 
the education program, and urge more 
attention for these from the schoo! 
superintendents. 

The criticisms and suggestions are 
well considered and seem to be justi- 
fied by the findings. The book agaiy 
reminds us that the enactment of com- 
prehensive and intelligent laws to 
deal with a problem does not end the 
problem, but that attention must from 
time to time be focused upon their 
administration and _ application. — 
Harold C. Stuart. 
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